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With the passage of the Intermodal Surface
Transportation Act (ISTEA) of 1991, the na-
tional transportation focus has shifted to a more inte-
grated approach ofdevelopingtransportationsv stems.
Transit services, infrastructure, and community de-
signs that support transit, such as parking policies,
bicycle paths, and transit-oriented de\ elopment. are all
considered part ofa balanced, efficient transportation
system.
With greater emphasis on transit and non-automo-
bile modes of transportation, transportation profes-
sionals are challenged to explore more cost-effective,
efficient approaches to deliver transit service, and to
pursue better integration ofthe various public transpor-
tation modes (i.e., rail, intercity bus). Public transit can
be a viable alternative to the single occupancy vehicle
if the service is accessible and designed to meet the
needs of the community. In man\ cases, enhance-
ments can be achieved through the implementation of
advanced, transit-specific technologies.
This article outlines how a multi-disciplinary team
has come together to enhance service delivery in one
North Carolinacommunity. The Winston-Salem Tran-
sit Authority (WSTA) is investigating service delivery
improvements tlirough the implementation ofadvanced
communication and information technologies. What is
learned from the application of transit-specific tech-
nologies atWSTA will benefit transit operations in the
state and nationally.
Anna Nalevanko has a Master's degree in Public Admin-
istration from George Washington University, Washing-
ton, D. C. She helped to initiate the Public Transportation
Program at the Institutefor Transportation Research and
Education (ITRE) and oversees research, technical assis-
tance, and training efforts related to public transportation.
Project Background
The Winston-Salem Transit Authority (WSTA),
like other medium to large transit operations in the
country, is aggressively assessing its market and ex-
amining appropriate technologies to improve service
delivery. The way of doing business at WSTA is
changing dramatically. WSTA is in the midst of a
technology infusion that will in the long-term enhance
public transportation services, streamline day-to-day
administrative and planning activities, prepare WSTA
for future service expansions, link transit modes, and
connect transit more closely with traffic management
systems. These technological changes are coming
about due to WSTA's participation in a Federal Transit
Administration (FTA) Advanced Public Transporta-
tion Systems operational test project. WSTA, as a
result, will be able to provide a more efficient, reliable,
customer-oriented public transportation service.
What is Advanced Public Transportation
Systems and Mobility Management ?
Before going into the details of the planning and
implementation of advanced technologies at WSTA,
several concepts must be defined. First, Advanced
Public Transportation Systems (APTS) is a Federal
Transit Administration initiative to promote the ad-
vancement of technologies in transit systems. This
FTA program was created as part of the U.S. Depart-
ment ofTransportation's intelligent Vehicle Highway
Systems (IVHS) initiative. IVHS is a range ofcommu-
nications and control technologies developed to en-
hance road travel through better mobility, energy
efficiency, and environmental protection and safety.
Central to the APTS program is the mobility man-
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agement approach to service delivery. Mobility man-
agement is a means of achieving positive integration
and coordination of public transportation services of-
fered by multiple providers and a variety of travel
modes. This integration is primarily accomplished
through electronic technologies.
Similar in function to a travel agency or fmanciai
clearinghouse, the mobility manager provides users
with a menu of transit services by telephone and
through electronic technologies such as information
kiosks and cable television. Through a single point of
contact, e.g. calling one telephone number, a potential
passenger can schedule a trip, ask about the status of
the trip, make arrangements to transfer from one mode
of travel to the another, and/or receive a schedule of
transportation services available in the city or region.
Available services could include both private and not-
for-profit providers, such as taxicabs, vans, and pas-
sengertrains. The mobility management facility serves
as an intermodal transportation resource center for the
geographic area served.
This centralized mobility management system is
supported with a variety oftechnologies, including:
• Computer-Aided Scheduling and Dispatching Soft-
ware; This software automates some management
functions in the demand-response service, such as
reporting and billing, and provides scheduling assis-
tance to reservation clerks to allow for real-time
scheduling of shared-ride trips. This technology
serves as one ofthe bases of a mobi lity management
system.
• Mobile Data Terminals (MDTs); The mobi lity man-
agement system must be able to accomplish effi-
cient communications between the operations cen-
ter and the vehicle. MDTs provide the opportunity
for rapid, high volume communications. Mobile data
communications allow two-way interactive mes-
sage exchange, both between vehicles and between
a vehicle and the transit operations center. Data,
e.g. short messages, are displayed on a digital
screen that is installed on each transit vehicle. The
use of MDTs replaces the conventional manual
recording of trip information and reduces the need
for radio communications and voice "chatter."
• Automatic Vehicle Location Devices (AVL); This
technology, particularly satellite global positioning
systems (GPS), is installed on transit vehicles to
track the whereabouts ofthe vehicle en-route. Both
customers and transit center dispatchers can be
updated on vehicle progress towards its designated
stop. This technology enables the transit operator to
be more responsive to the passenger and allows for
better timing of transfers. It also provides the pos-
sibility of implementing new service alternatives,
such as permitting a bus to leave a fixed-route to
pick up a passenger and then returning to the fixed-
route.
• Electronic Fare Card Media: These "smart cards"
are the size ofa cred it card and may al low for credits
and debits and the storage ofother information that
may be needed for recordkeeping purposes. For
example, billing information can be stored on the
card for trips that are subsidized by a human ser-
vices agency. This can serve the purpose of more
accurately attributing a trip cost to the appropriate
contracting agency. The information on the card is
read by a reader that is installed in each transit
vehicle and the data are downloaded for analysis
and reports.
The Project Concept
The idea to pursue an Advanced Public Transpor-
tation Systems (APTS) technology site in North Caro-
lina originated with the Institute for Transportation
Research and Education (ITRE) at North Carolina
State University in 1992. Researchers from North
Carolina State University's Civil Engineering Depart-
ment and stafffrom the North Carol ina Department of
Transportation, Public Transportation Division
(NCDOT/PTD) were involved early on in conceptu-
alizing this operational test activity. The initial goals
establ ished for this project were to develop and opera-
tionally test a mobility management system for (1)
human service transportation, such as shared-ride, on-
demand service for persons with specialized needs,
and (2) to plan for a Phase II project to integrate this
system with a mobility management system for fixed-
route bus transit (the traditional general bus service
that fol lows a specific pre-determined route and sched-
ule).
This team was aware of technological activities
being conducted in APTS operational test projects
already underway. They were also familiar with the
characteristics ofthe types ofoperations being funded
and were aware ofsome ofthe pitfalls experienced by
these operations in start-up and implementation. This
information helped the team define a unique opera-
tional test activity and to be better prepared for some
of the obstacles that could be encountered.
CAROLINA PLANNING
To be competitive with other transit operations
pursuing APTS funding, the North Carolina site needed
to possess some characteristics that distinguished it
from the other test sites. The Winston-Salem Transit
Authority was chosen for several reasons. It is a
medium-sized operation, serving both a city and county.
The general fixed-route bus, paratransit service, and
ridesharing are coordinated under a single authority
.
WSTA already had some level of computerization in
place and the staffhad the in-house technical expertise
necessary to implement, monitor, and evaluate new
systems. Another favorable factor was the endorse-
ment ofthe city's transportation director and his vision
for future integration of some transit and traffic man-
agement technologies and a plan for centralizing these
traffic and transit operations in a new^ transportation
facility (anticipated to be complete in 1996).
Another reason North Carolina became a serious
contender for FTA APTS funds was because there
were no other such demonstration projects in the
southeastern United States. In addition, no other test
site had begun mobility management implementation
with a demand-response paratransit service. This
project also offered the potential for networking with
a social service agency to allow the agency access to
trip and billing information and for integrating with
general fixed-route bus service in a follow-up Phase
Winston-Salem Transit Authority' (WSTA):
Background Information
into Forsyth County and covering approximately 409
square miles. Trans-AID's riJership totaled about
170,000 passengers in 1993.
Preliminary Planning Activities
Once the operational test site had been identified,
the next step was to clarify the roles and expectations
ofthe project team and to develop a proposal for the
Federal Transit Administration. The NCDOT/PTD
financ iaily supported this planning and proposal devel-
opment phase through a grant awarded to ITRE.
The City ofWinston-Salem was the identified grant
applicant. ITRE's role was to assist with administra-
tion and technical assistance. North Carolina State
University (NCSU) researchers took the lead on
proposal development and technical assistance activi-
ties. NCDOT/PTD staff provided review and com-
ment throughout as project team members.
The project was designed in two phases. Phase I,




Implementation of technologies in Trans-AID, the
human service transportation service, and
2. Establishment of a test-bed site for research and
demonstration ofother technologies.
The activities were clearly defined in the Phase I
proposal. The primary activities in Phase I involved:
According to the 1 990 census, the Winston-Salem
metropolitan area has a population of about 320,000.
Winston-Salem is located in Forsyth County, in the
northwestern part ofthe state. The public transporta-
tion services in Winston-Salem and Forsyth County
are coordinated under one transit authority, WSTA.
The authority is part ofthe City of Winston-Salem's
Department of Transportation but the city contracts
with a private management compan\' to run the da\-to-
day operations ofthe transportation system.
WSTA is a multi-service operation with fixed-route
buses, human ser\ice transportation ( demand-response/
shared-ride service), commuter ridesharing, and van
pooling. WSTA operates 58 fixed-route buses. Fixed-
route service covers an area of approximately 98
square miles, and in 1 993 this service carried a total of
about 3.5 million passengers. Trans-AID, the desig-
nated coordinated county human service transporta-
tion provider serving the elderly, low-income, and
mentally- and physically-challenged, operates 1 7 ve-
hicles. Trans-AID services a larger area, extending
1 Securing the services of a systems integrator with
the technical expertise to take the lead on selecting
and installing the appropriate technologies and to
oversee the integration ofthe various technologies,
2. Procuring an automated scheduling software sys-
tem and compatible hardware for WSTA and the
remote sites, i.e. the NCSU test-bed site and the
Department of Social Services,
3. Implementing the automated system in the human
service operation, Trans-AID,
4. Installing MDTs, AVE, and electronic fare card
readers in three Trans-AID vehicles,
5. Testing the mathematical algorithms with WSTA
data at the NCSU research test-bed site, and
6. Developing the private sector interest and partner-
ships in testing new transit technologies in a transit
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operations setting.
Tiie current project team would continue to be
involved ifa project were to develop out of this effort.
Another North Carolina State University (NCSU)
researciier and several graduate students were added
to the project proposal. The proposed budget reflected
NCDOT/PTD's required federal match and additional
support for hardware and other equipment. Phase II
was also described in the proposal with the focus of
expanding the application and integration oftechnolo-
gies to the fixed-route bus service.
Phase I - Technology Testing in the Trans-
AID Service
Upon award from FTA in May of 1 993, the project
team began to further develop the project objectives
and work tasks. A technical proposal and budget were
developed for the request for proposals (RFP) to
procure the services of the systems integrator. A
request for qualifications (RFQ) was issued first to
solicit information about firms, their capabilities, and
level of interest in this project. The RFP was issued in
November 1993. The systems integrator (contractor)
was selected and the contractor's automated schedul-
ing software was the first technology to be imple-
mented at Trans-AID.
The on-site WSTA staff members were the key
contacts with the new private-sector project team
member. In an initial project team meeting, the instal-
lation timetable was refined. The project team antici-
pated frequent meetings ofthe team and sub-groups of
the team over the course ofeighteen months to discuss
installationproblemsand implementation strategies.
The contractor worked closely with WSTA staff
and NCSU researchers to transfer the data from
WSTA's computerized system to the new system.
Once the data were transferred and reviewed, the
collection of "before" data and staff training began.
The WSTA team members developed their team
internally. Staffing was evaluated and new temporary
staff was added to facilitate the transition from the
moretime-consumingtaskofschedulingtripsto learn-
ing the automated scheduling system. The dispatching
office was redesigned to accommodate the new com-
puter system.
The automated system became operational in Au-
gust of 1994. The project team worked with the
contractor to evaluate and work out any problems with
the data and trip scheduling. As the installation was
occurring on-site, back in the laboratory the NCSU
researcher and a graduate student were testing the
mathematical algorithms, using software that they
developed and WSTA systems data to evaluate the
efficiencies ofthe routing and scheduling algorithms.
Lessons Learned
There are a variety oflessons to be learned from this




The implementation of an automated scheduling
system will initially increase the administrative
and dispatcher workload. There is a learning
curve ofup to six months to develop the expertise to
operate the system. As a result, temporary staff
may need to be added to handle the reservations.
WSTA recognized that it takes time for reservation
clerks/schedulers to adjust to the on-line real-time
reservation system.
2. Learn from the mistakes of others. The project
team avoided some of the pitfalls and benefitted
from some of the successes of other technology
implementations by assessing the shortcomings and
strengths of other APTS test projects underway.
External factors, such as the political climate and
problems with regional cooperation, were factors
that delayed other APTS projects. For this project
team, it helped to review other technical proposals
for their approach.
3. Allow sufficient time in a project schedule for
delays. Delays can be expected in the procurement
process and as a result of software "glitches" or
unanticipated data communications problems. In
the WSTA project, the Phase I deadline needed to
be extended six months, from November 1994 to
May 1 995, to accomplish all project tasks.
4. Ensure ongoing communications among team
members. In this case, it was especially difficult to
maintain a connection due to the involvement oftwo
university research entities, a local transit property
located 1 1 miles from the otherteam members, the
state public transportation division, and a private
sector contractor with a home office in a distant
state. There was some shifting of leadership roles-
and task assignments, but the team has built a solid
base. It is committed to the project and has made an




5. Calculate the risk. There is risk associated with
being among the first to test a new technology.
Some ofthe "bugs" are still being worked out in the
software and in the interfaces that connect the
technologies as the contractor adapts them to the
operators" needs. The software selected by WSTA
has a solid track record in transit operations, but is
still a relatively new product undergoing frequent
upgrades.
6. Do not assume that technologies in and of
themselves will increase productivity. Staff need
to be trained to understand the specific technology
and to maximize its use. The introduction of tech-
nologies should also cause the transit operator to
examine other practices and policies in the organi-
zation and update these so that in combination with
the technologies, the greatest efficiencies will be
realized.
7. Ensure the commitment and support of all key
players. Initiating this test in an efficient, coordi-
nated transit system was an advantage. The staff
familiarity with automation, together with support
from WSTA and city administration, provided a
solid base on which to build.
8. Design an evaluation process. Evaluating "be-
fore" and "after" data is a useful way to understand
what levels of efficiencies are achieved as a result
ofthe new technologies. Data relating to the number
of passengers per hour, level of customer satisfac-
tion, and the average time required to schedule a trip
are examples ofthe data being collected. WSTA
can use this data to determine improvements that
could be made to increase productivity and to assist
with planning for Phase II. FTA is also interested in
the evaluation process. The Voipe National Trans-
portation Systems Center, through an evaluation
contractor, Cambridge Systematics, Inc., is con-
ducting an independent "national" evaluation. The
purpose ofthis evaluation is to determine the degree
to which the national APTS program and the local
objectives ofthe test are being met. This indepen-
dent evaluation is conducted to ensure that the
reported results are unbiased. In addition, it helps to
ensure that the data and analyses are standardized
and comparable to other sites. The evaluation plan
has been developed, and "before" data have already
been collected. After a year of successful installa-
tion ofthe automated software, "after" data will be
collected by the project team to compare with the
data gathered before installation.
What Lies Ahead?
The Mobile Data Terminals (MDTs), Automatic
Vehicle Location Devices (AVLs), and electronic
fare card readers were installed on three Trans-AID
vehicles in early February 1995. The vendors and
products to be installed have been identified and
interfaces developed to allow for the communication
of data.
The WSTA mobility management project team has
begun to clarify goals and objectives for Phase II work.
Potential government and private sector funding
sources for the Phase II efforts are currently being
evaluated and a proposal for Phase II will be developed
within the Phase I timeframe.
During Phase II, it is anticipated that MDT's,
electronic fare card readers, and AVL systems will be
installed throughout the Trans-AID fleet. The mobility
management system will be expanded from human
services transportation to general public services, in-
cluding fixed-route transit, ridesharing, and vanpooling.
A variety of research and test-bed opportunities will
exist in Phase II. They include, for example, the bench-
marking of scheduling algorithms, standards evalua-
tion, and testing of service options. Future plans for
dynamic traffic management in Winston-Salem will
allow real-time traffic information to be shared with
public transit vehicles. This significant opportunity to
integrate traffic and transit management is a key
ingredient fortrue community- wide, mobilitymanage-
ment.
Through the implementation ofadvanced informa-
tion and communication technologies, the Winston-
Salem Transit Authority strives to achieve an efficient,
responsive, integrated service to meet the mobility and
accessibility needs of city and county residents, cp
